Reduction of intracellular pH is not the mechanism for the synergistic interaction between photodynamic therapy and nigericin.
Previous studies showed that photodynamic therapy (PDT) sensitized by aluminum phthalocyanine can be dramatically potentiated by the K+/H+ ionophore nigericin. Nigericin equilibrates intracellular pH (pHi) and extracellular pH (pHe) and is most effective in potentiating PDT damage when cells are in an acidic environment (pH 6.5-6.7). We therefore hypothesized that the ability of nigericin to lower pHi is causally related to its ability to potentiate PDT. To test this, the pHi of A549 cells was reduced using pHe-adjusted growth medium, with or without addition of amiloride and 4,4'-diisothiocyanatostilbene-2,2'-disulfonic acid, inhibitors of the membrane-based exchangers responsible for regulating pHi. Using fluorescence ratio imaging, we found that pHi can be equilibrated to within +/- 0.05 pH unit, in the pH range of 6.0-6.8, for up to 1 h after pHe adjustment. Cells equilibrated to various pHi were subjected to PDT at various light fluences, then plated for clonogenic survival immediately after PDT treatment. There is no significant effect of lowering pHi, to values as low as 6.23, on the toxicity of PDT, regardless of whether pHi is lowered by adjustment of the medium alone or by addition of exchange inhibitors. However, cells equilibrated to pHi 6.0 are more sensitive to PDT, with survival reduced by 1 log at 20 kJ/m2 and 1.5 log at 30 kJ/m2, relative to cells treated at a pHi of 6.8 (controls). In contrast, 20 microM nigericin in medium at pHe 6.7 reduces pHi to 6.55, but reduces the surviving fraction at 20 kJ/m2 by nearly 3 logs relative to controls. These data conclusively demonstrate that the ability of nigericin to potentiate PDT is not directly related to its ability to lower pHi. Furthermore, they show that the expression of PDT damage is independent of pHi, except at the very low value of 6.0. Photodynamic therapy does not induce apoptosis in A549 cells, at surviving fractions of 0.1 to 0.01, under any of the treatment conditions used in this study.